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Age and Tightness of Repair Are
Predictors of Heel-Rise Height After
Achilles Tendon Rupture
Michael R. Carmont,*† PhD, Jennifer A. Zellers,‡ PhD, Annelie Brorsson,§ PhD,
Katarina Nilsson-Helander,§ PhD, Jón Karlsson,§ PhD, and Karin Grävare Silbernagel,k PhD
Investigation performed at the Princess Royal Hospital,
Shrewsbury and Telford Hospital NHS Trust, Telford, Shropshire, UK
Background: Achilles tendon rupture leads to weakness of ankle plantarflexion. Treatment of Achilles tendon rupture should aim
to restore function while minimizing weakness and complications of management.
Purpose: To determine the influence of factors (age, sex, body mass index [BMI], weight, time from injury to operative repair, and
tightness of repair) in the initial surgical management of patients after an acute Achilles tendon rupture on 12-month functional
outcome assessment after percutaneous and minimally invasive repair.
Study Design: Cohort study; Level of evidence, 3.
Methods: From May 2012 to January 2018, patients sustaining an Achilles tendon rupture receiving operative repair were pro-
spectively evaluated. Tightness of repair was quantified using the intraoperative Achilles tendon resting angle (ATRA). Heel-rise
height index (HRHI) was used as the primary 12-month outcome variable. Secondary outcome measures included Achilles tendon
total rupture score (ATRS) and Tegner score. Stepwise multiple regression was used to create a model to predict 12-month HRHI.
Results: A total of 122 patients met the inclusion criteria for data analysis (mean ± SD age, 44.1 ± 10.8 years; 78% male; mean ± SD
BMI, 28.1 ± 4.3 kg/m2). The elapsed time to surgery was 6.5 ± 4.0 days. At 12-month follow-up, patients had an HRHI of 82% ± 16%
and performed 82% ± 17% of repetitions compared with the noninjured side. Participants had a mean ATRS of 87 ± 15 and a
median Tegner score of 5 (range, 1-9), with a reduction in Tegner score of 2 from preinjury levels. The relative ATRA at 12 months
was –4.8 ± 3.9. Multiple regression identified younger age (B ¼ ±0.006; P < .001) and greater intraoperative ATRA (B ¼ 0.005;
P ¼ .053) as predictors of more symmetrical 12-month HRHI (R2 ¼ 0.19; P < .001; n ¼ 120).
Conclusion: Age was found to be the strongest predictor of outcome after Achilles tendon rupture. The most important modifiable
risk factor was the tightness of repair. It is recommended that repair be performed as tight as possible to optimize heel-rise height
1 year after Achilles tendon rupture and possibly to reduce tendon elongation.
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Since the 2000s, the primary outcome of Achilles tendon
rupture research has expanded from complications,
including rerupture,49,54 to patient-specific outcome
measures,27,35,40 functional parameters,12 and tendon
biomechanical characteristics.46,48 The identification of
modifiable factors that influence patient recovery and
guide prognostication is one of the most important steps
in optimizing individualized treatment.39
Several patient characteristics may influence progno-
sis after Achilles tendon rupture.10,14,39,53 Older age10,39
and higher body mass index (BMI)39 have been identi-
fied as predictors of inferior outcome. There is conflict-
ing evidence for the effect of sex, with female patients
reporting more symptoms and demonstrating more var-
iable recovery of calf muscle endurance in 1 study14 and
better outcome in another.3
There are several factors involved in the initial man-
agement of an Achilles tendon rupture that may influ-
ence the outcome. One of the most prominently
discussed is whether operative or nonoperative manage-
ment leads to the best long-term outcome after rup-
ture.38,44,55,56 Moreover, there is growing evidence that
a larger separation between the ruptured tendon ends
leads to an increased risk of tendon rerupture and worse
functional outcome.25,52 Recent randomized controlled
studies have shown that operative repair of Achilles ten-
don rupture results in significantly improved
strength24,40,54 and reduced elongation17,18 compared
with nonoperative treatment. The elapsed time to repair
is also controversial, with improved outcome reported if
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repair is performed within 48 hours of injury.50 Other
studies,7,42 however, show no differences in terms of out-
come if surgery is performed within a week of injury.
One of the complications of Achilles tendon rupture is
known to be tendon elongation.30,33 Elongation occurs from
an early stage during treatment22,34,37 and correlates with
decreased plantarflexion strength17,41 and heel-rise
height.13 It appears that surgical repair has a greater abil-
ity to minimize the tendon elongation that occurs by
approximating the tendon ends and shortening the resting
length of the tendon. However, the direct influence of tight-
ness of repair on functional outcome has yet to be
determined.
The aim of this study was to determine the influence
of patient-related and surgical factors (age, sex, BMI,
weight, time from injury to repair, and tightness of
repair) in the initial management of patients after per-
cutaneous or minimally invasive repair for Achilles ten-
don rupture. We hypothesized that greater age, BMI,
weight, increased time to surgery, and reduced tight-
ness of repair would be associated with diminished
heel-rise height (as measured by the heel-rise height
index13 [HRHI]) at 12 months postoperatively.
METHODS
This was a retrospective analysis of data collected from
individuals receiving operative repair after Achilles tendon
rupture. A review by a research ethics committee was not
required for this study. Between May 2012 and November
2017, a total of 147 patients who sustained an Achilles ten-
don rupture and underwent operative repair at Princess
Royal Hospital, a district general hospital, were prospec-
tively evaluated for outcome over time. Of these patients,
122 had complete data for the primary outcome of interest
in this analysis (HRHI at 12 months) and were included in
this observational study. Patient characteristics are shown
in Table 1.
Diagnosis was established from the clinical signs of rup-
ture: a palpable gap of the tendon at the midsubstance,28
abnormal calf squeeze test,28 and increased Achilles tendon
resting angle (ATRA) compared with the noninjured
ankle.8 ATRA is a quantified measure of the resting angle
that has been shown to be a valid, reliable, responsive, and
reproducible measure in individuals with Achilles tendon
rupture.5,6,16,57 Participants with musculotendinous junc-
tion rupture as seen on imaging were excluded from this
series. All operative repairs were performed by the same
surgeon (M.R.C.). Patients initially underwent a percuta-
neous repair7; however, based upon contemporaneous
audit, minor changes in the operative technique were made
in an attempt to reduce complication rates. The operative
technique was subsequently changed from percutaneous to
minimally invasive repair.
Operative Technique
The majority of patients elected to have operative repair
performed under local anesthesia. This consisted of 20 to
30 mL of 0.5% bupivacaine with 1:200,000 adrenaline
injected into the site of the incisions with an additional 10
mL of 1% lignocaine, after 2% chlorhexidine skin prepara-
tion. Antibiotic prophylaxis consisted of 1 dose of 1.5 g
cefuroxime/1 g flucloxacillin intravenously.7
A 1- to 2-cm longitudinal skin incision was made at the
level of the palpable tendon gap. Additional “stab” incisions
were made just proximal to the Achilles insertion on either
side of the tendon, together with longitudinal stab incisions
3 cm and 5 cm proximal to the palpable gap on either side of
the tendon. A curved mosquito clip was then used to
enlarge the perforation in the fascia cruris to prevent the
capture of the fascia within the suture. Next, a modified
Bunnell suture was inserted across the tendon first proxi-
mally and then directed distally, using 4 strands of No. 1
Maxon suture with a Mayo needle (Wundnadeln Steril,
PS204B00, Acufirm Ernst-Kratz GmbH 63303), before
emerging from the incision over the rupture site. A 4-
strand Kessler suture was inserted into the distal stump.
With the ankle held in full plantarflexion, the sutures were
tied under tension using a surgeon’s knot and 4 subsequent
single throws. The lateral knot was tied first and then bur-
ied into the apposed tendon ends. Then, a medial knot was
tied and a clip was applied, and the ATRA of the injured
ankle was assessed with goniometry, with care taken not to
TABLE 1
Patient Characteristics (N = 122 Patients)a
Age, y 44.1 ± 10.8
Sex (male:female), n 95:27
Weight, kg (n ¼ 112) 86.0 ± 15.6
Body mass index, kg/m2 (n ¼ 108) 28.1 ± 4.3
Elapsed time to repair, days (n ¼ 121) 6.5 ± 4.0
Injured side (left:right), n 62:60
aValues are represented as mean ± SD unless otherwise noted.
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touch the sterile operative field.6 The suture could then be
tightened, so that the ATRA indicated greater plantarflex-
ion than the noninjured ankle, before knot completion.
Before skin closure, the knots were buried deep into the
repair.
There were modifications made to the operative tech-
nique, including repair of the fascia cruris, changes in
suture material, and the number of suture strands; thus, the
patients were categorized into 5 groups to evaluate differ-
ences in the operative techniques (Table 2). Additionally, for
patients with a short distal stump, a transosseous 2.5-mm
drill hole was placed in the calcaneus, through which the
distal suture was placed, and subsequently passed through
the substance of the distal Achilles tendon to the incision at
the rupture site.
Postoperative Management and Rehabilitation
Immediately after surgery, patients used a functional
brace, consisting of a reinforced synthetic below-knee cast,
in gravity plantarflexion. The cast was split along the
midlateral lines and held in place with Velcro elasticated
straps. Patients were permitted to mobilize full weightbear-
ing on their metatarsal heads using axillary crutches. Low–
molecular weight heparin thromboprophylaxis was used for
2 weeks early in the series; however, the use of this was
extended to 6 weeks beginning in 2016. At the 2-week time
point, patients had their skin sutures removed and com-
menced active plantarflexion, inversion, and eversion exer-
cises, while they maintained the anterior shell held in place
with the straps for all weightbearing for the next 4 weeks.
At the 6-week time point, the anterior shell was discontin-
ued, and patients were given a 1.5-cm heel wedge for all
weightbearing activities until 3 months postoperatively;
they were also referred for physiotherapy treatment.
Patients typically used crutches until the 8-week time point
or when they felt able to resume normal walking. Plyomet-
ric exercises and stretching were permitted at 3 months. No
other restrictions were made in terms of return to activity
or sports.
Evaluation
Patients were evaluated by the first author (M.R.C.) at pre-
sentation, immediately after operative repair and at 6
weeks and 3, 6, 9, and 12 months. Patients’ BMI was
assessed at presentation. BMI along with sex, weight, time
from injury to repair, surgical treatment technique, and
tightness of repair were considered primary treatment fac-
tors of interest.
Tightness of repair was quantified using the intraopera-
tive ATRA, as it has been found to relate to tendon
length.11,57 A negative ATRA is relative ankle dorsiflexion,
indicating Achilles tendon lengthening, and a positive
ATRA ankle plantar flexion indicating shortening. The
ATRA was measured with the patient in the prone position
and the knee flexed to 90, as described by Carmont et al.7
The ATRA was measured on the injured and noninjured
sides to determine the relative ATRA.6 In addition, the
ATRA was assessed immediately after surgery and at all
subsequent evaluations to assess the tightness of the repair.
Similar techniques have been used as a guide for the require-
ment of operative repair during nonoperative management
protocols.11 Additionally, the dynamic form of this assess-
ment, originally described by Matles,31 has recently been
used to examine for lengthening after surgical repair.29
The HRHI was selected as the primary variable of inter-
est because of its relationship to long-term outcomes after
an Achilles tendon rupture.4 HRHI is defined as heel-rise
height (injured)/heel-rise height (noninjured) and is
expressed as percentage. The injured ankle was tested first.
Patients were permitted to place their fingertips on the wall
for balance while performing heel-rises to fatigue, keeping
their knee straight. The number of repetitions performed
(heel-rise repetition index) was also recorded.
Secondary outcome measures reported at the 12-month
time point for descriptive purposes included Achilles ten-
don total rupture score (ATRS)9,36 and Tegner score.51
Statistical Analysis
All data were analyzed using SAS (Version 14; SAS Insti-
tute) with the assistance of a biostatistician. Descriptive sta-
tistics were reported using means and standard deviations
as well as medians and ranges. As the aim of this study was
to identify the relationships between initial management
and short-/medium-term outcome, data from patient presen-
tation (intraoperative, 6-week, and 12-month time points)
are reported only for descriptive purposes in this study. Uni-
variate linear regression was used to identify the relation-
ship between 12-month HRHI and the variables of interest
at patient presentation (age, sex, BMI, weight, time from
injury to repair, and operative technique), the tightness of
repair (intraoperative the ATRA), and the ATRA at 6 weeks.
Stepwise multiple regression was then used to build a
model using factors of interest from the early time points
TABLE 2
Operative Technique Groupings
Group Surgical Technique n (%) Sural Nerve Suture Material No. of Strands Distal Suture
1 Minimally invasive 22 (18.0) Visualized and mobilized Absorbable monofilament 8 Transtendinous
2 Minimally invasive 18 (14.8) Visualized and mobilized Nonabsorbable braided 4 Transtendinous
3 Minimally invasive 47 (38.5) Visualized and mobilized Nonabsorbable braided 6 Transtendinous
4 Minimally invasive 30 (24.6) Visualized and mobilized Nonabsorbable braided 6 Transtendinous
5 Minimally invasive 5 (4.1) Visualized and mobilized Nonabsorbable braided 6 Transosseous
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to predict the 12-month HRHI. Only input factors that had
a statistically significant relationship to HRHI on univari-
ate analysis were included in the multiple regression. Input
factors were inserted into the model in the order of stron-
gest to weakest relationship. Input factors were retained in
the model if the significance of the factor within the model
was P < .10; otherwise, the factor was dropped from the
model. The a priori level of significance was set to be
.05. As we were concerned that postoperative complica-
tions (ie, re-rupture, deep wound infection, and deep adhe-
sion of the tendon) could influence functional results in
the long term and affect the predictive ability of the
model, we performed a sensitivity analysis, in which
patients who sustained a complication were excluded from
the analysis. There were several instances in which data
were not collected from a given patient because of clinical
constraints (time, staff demands, etc), so missing data
were handled by reporting the total number of partici-
pants in each analysis.
RESULTS
In the 122 study patients, the relative ATRA was –12 ± 6
preoperatively, 8 ± 5 intraoperatively, and 2 ± 7 at
6 weeks postoperatively. Two patients (1.6%) sustained a
re-rupture.
At 12 months postoperatively, patients had a mean ± SD
HRHI of 82% ± 16% and performed 82% ± 17% of repetitions
on the injured relative to the noninjured side during the
heel-rise test (Figure 1). The relative ATRA at 12 months
was –4.8 ± 3.9 (Figure 2). Patients had a mean postoper-
ative ATRS of 87 ± 15 and a median Tegner score of 5
(range, 1-9). Patients reported a median preinjury Tegner
score of 7 (range, 2-10).
Heel-Rise Height Index
The results of the univariate analysis are shown in Fig-
ure 3. The HRHI had a statistically significant univariate
relationship with age and ATRA (preoperatively, intrao-
peratively, and at 6 weeks postoperatively). A total of 120
patients had complete data sets and could be included in
the multiple regression analysis. First, age was entered
into the model, followed by intraoperative ATRA and pre-
operative ATRA. Preoperative ATRA was not significant
(P > .1) and was accordingly dropped from the model. The
final model (R2 ¼ 0.19; P < .001; n ¼ 120) included age
(parameter estimate ¼ 0.006; P < .001) and intraopera-
tive ATRA (parameter estimate ¼ 0.005; P ¼ .053; the
parameter estimate is in ratio, not percentage, format).
This model was repeated in the sensitivity analysis
excluding patients who had sustained any postoperative
complication. The outcome of this model was similar to
that of the entire group, indicating that the presence of
a postoperative complication did not affect outcome
(model: R2 ¼ 0.21, P < .001, n ¼ 98; for age: parameter
estimate ¼ 0.006, P < .001; for intraoperative ATRA:
parameter estimate ¼ 0.006, P ¼ .060).
DISCUSSION
The present study is the first to quantify the effect of tight-
ness of Achilles tendon repair on 12-month postoperative
heel-rise height assessment. While age continued to be the
strongest predictor of heel-rise function at 12 months post-
repair, tighter Achilles tendon repairs resulted in a greater
heel-rise height at 12 months after surgery. The outcome
from Achilles tendon rupture has been shown to be multi-
factorial, consisting of nonmodifiable and modifiable risk
factors. Contrary to the findings of other studies,10,12 the
nonmodifiable characteristics of sex or BMI were not found
to be a significant indicator of heel-rise function at 12
months. Other modifiable factors included in this analysis
(ie, time elapsed from injury to repair and variations in
surgical technique) did not relate to heel-rise function at
12 months.
In the present study, age and intraoperative relative
ATRA accounted for 19% to 21% of the variation in heel-
rise height symmetry at 12 months. With every additional
decade of life, the heel-rise height symmetry decreased by
6%. These findings are in agreement with those of the study
by Olsson et al,39 in which age was shown to be a predictor
of outcome at 12 months. In addition, for every increased
degree of ATRA tightness, measured immediately after sur-
gery, there was a 0.5% improvement in HRHI at 12 months.
This translates into a 5% to 6% improvement in heel-rise
height symmetry if the repair is 10 tighter at surgery.
It would be considered logical to repair the Achilles tendon
in comparable tension with the noninjured side.23,27,35,40,43
Since ruptured tendons elongate during healing and reha-
bilitation, and lengthening leads to poor function,14,18,22,47
they would benefit from being repaired in increased plan-
tarflexion. Repairing in greater tightness to the contralat-
eral side is commonly performed15,19,21,26,29,42,45; however,
to the best of our knowledge, this is the first study pro-
viding data to support the influence of tightness of repair
on functional (heel-rise) performance. Excessive elongation
of the Achilles tendon after rupture is common. In some
very flexible patients, excessive tendon tightness after






















Time following repair (months)
ATRS HRHI HRRI
Figure 1. Achilles tendon total rupture score (ATRS) and func-
tional outcomes for heel-rise height index (HRHI) and heel-
rise repetition index (HRRI) over time. The error bars overlap
for the different time points, so errors in ATRS are shown
upward and for HRHI and HRRI errors are shown downward.
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This excessive tendon tightness may limit ankle
dorsiflexion.
Previously published studies12,39 have identified sex-
related differences in outcome and a propensity for
improved function in individuals with lower BMI. Olsson
et al39 found that higher BMI was associated with greater
symptoms, with a 5-unit increase in BMI leading to a 10-
point reduction in ATRS. In earlier studies,1,16 female
patients have been found to report more symptoms and
lower ATRS scores, both in the short and in the long term.
Female patients have also been reported to have inferior



















Time following repair (months)
Figure 2. The change in relative Achilles tendon resting angle (ATRA) over time. A positive ATRA reflects plantarflexion and a
negative ATRA reflects dorsiflexion.
Figure 3. Results of univariate analysis of early treatment variables on 12-month postoperative heel-rise height index (HRHI). The
far-right column indicates the total number of patients included in each comparison. The beta estimate is an indicator of the effect
of the variable. Points to the left of the y-axis indicate factors that negatively influence HRHI. Error bars crossing the y-axis indicate
factors that are likely not statistically significant. Points falling farther from the y-axis indicate factors that have a stronger rela-
tionship to HRHI.
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surgery.14 The present data did not reveal similar findings;
however, it is reasonable that placing greater body weight
on a recovering tendon would have implications for tendon
healing.
This study did not show a significant relationship
between time from injury to repair and heel-rise height at
12 months postsurgery. Recently, an animal study32
reported improved 6-week tendon mechanics in mice trea-
ted within 48 hours after injury. In humans, clinical stud-
ies42,50 have shown conflicting outcomes for those
undergoing repair within 48 hours of injury. Svedman
et al50 reported that repairs performed within 48 hours of
injury lead to an improved outcome; however, other stud-
ies7,42 have found no differences in outcome if surgery is
performed within a week of injury. It may be that outcomes
in the first weeks postinjury are affected by time to repair,
but these improvements are mitigated over time and are
not reflected in longer term, functional outcomes.
In this series, a standard suture configuration consisting
of a modified Bunnell and Kessler suture configuration was
used initially. Over the 5.7 years of data collection, this
technique was modified based upon an understanding of
the current literature and contemporaneous audit. Suture
materials were adjusted, as it was thought that the absorp-
tion of the suture material used in technique 1 (see Table 2)
may have permitted tendon elongation, and so this was
changed to a nonabsorbable suture.5 A 4-strand nonabsorb-
able suture was used out of concern for potential overtight-
ness and persistent knot prominence (technique 2), but
early elongation was suspected5; therefore, the number of
strands of repair was increased to 6. However, at 1 year,
there was no difference in patient-reported symptoms or
function outcome between any of the techniques.5
The clinical and biomechanical mode of failure was noted
to distal pullout and the heavy weight of patients
sustaining reruptures. A subsequent change was to use a
transosseous calcaneal drill hole for distal stabilization for
patients >100 kg or for patients with a small distal stump
(<2 cm) (technique 5); this method was similar to the one
described by Bijlsma and van der Werken.2 On comparing
these modifications, no association was found between the
treatment technique and heel-rise performance, although
the small number of patients (n ¼ 5) treated with this
technique is a limitation of the study. It is notable that 2
of these patients sustained traumatic rerupture; however,
we could not determine whether this was the result of the
surgical technique or characteristics of this patient group
(ie, high BMI).
Strengths of this study include the following: (1) a large
number of patients were evaluated over time and (2) all
repairs were performed by the same surgeon. Although all
patients received standardized weightbearing immobiliza-
tion, physical therapy resources, and return-to-sport
recommendations, it is not known if individual patients
performed exactly the same physiotherapy. The focus on a
patient series from a single surgeon eliminates interob-
server error, increasing the value of comparisons within the
cohort. It does, however, also introduce performance bias,
which means that the results should be interpreted with
care in comparison with other series. Although this study
was a large retrospective case series, the data were prospec-
tively collected.
Limitations of this study include the gradual introduc-
tion of outcome measures with time, as their reliability was
established. This unfortunately reduced the numbers of the
data set for analysis, which may be overcome in the future
by multicenter or registry studies. Although the ATRA was
originally considered to be an indirect measure of tendon
length6 and has been shown to correlate with ultrasonogra-
phically determined tendon length,57 it actually is not a sole
measure of tendon length. The ATRA could be considered to
be a quantification of the overall tension in the musculoten-
dinous unit. The influence of muscle fiber pennation and
fiber length has been considered,20 which is also likely to
influence the ATRA.
CONCLUSION
Age of the patient was the strongest predictor of outcome
after an acute Achilles tendon rupture. The most important
modifiable risk factor was the tightness of repair. It is
recommended that repair is performed as tightly as possi-
ble to optimize heel-rise height at 1 year after surgery for
Achilles tendon rupture.
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